Background: Patient-controlled analgesia (PCA) is an effective approach to treat pain. However, data regarding patterns of PCA use for cancer pain are limited. The purpose of this study was to define the patterns of PCA use and related outcomes in hospitalized patients with cancer. Methods: We identified 90 patients with cancer admitted to a single academic center who received PCA for nonsurgical, cancerrelated pain and survived to discharge between January 2013 and January 2014. Data collected included patient demographics, cancer diagnosis, type of cancer-related pain, PCA use, opioid-specific adverse events, and 30-day readmission rates for pain. Univariable and multivariable linear regression models were used to analyze the association between patient and clinical variables with PCA duration. Logistic regression models were used to evaluate the relationship between patient and clinical variables and 30-day readmission rates. Results: The median length of hospitalization was 10.2 days with a median PCA duration of 4.4 days. Hematologic malignancies were associated with longer PCA use (P=.0001), as was younger age (P=.032). A trend was seen toward decreased 30-day readmission rates with longer PCA use (P=.054). No correlation was found between 30-day readmission and any covariate studied, including age, sex, cancer type (solid vs hematologic), pain type, palliative care consult, or time from PCA discontinuation to discharge. Conclusions: This study suggests that there is longer PCA use in younger patients and those with hematologic malignancies admitted with cancer-related pain, with a trend toward decreased 30-day readmission rates in those with longer PCA use.
of opioids, 1 of 2 patients with cancer continues to experience undertreated pain, and approximately 25% of patients with cancer experience severe pain at the time of death. 6, 7 Insufficient use of opioids both within the United States and worldwide has been shown to be the primary reason cancer pain remains undertreated in both outpatient and inpatient settings. [8] [9] [10] [11] Pain is a leading cause of emergency department visits and unscheduled hospital admission within the cancer population. 12, 13 Moderate to severe pain scores among patients with cancer in the ambulatory setting have been shown to be predictive of hospitalization within 30 days and are also associated with prolonged duration of admission.
14 Nationwide, >60% of patients with end-stage cancer are admitted to the hospital within the last month of life and >40% are admitted to the intensive cancer unit within the last 3 months of life. 15 Despite the prevalence of clinically significant pain among hospitalized patients with cancer, studies consistently show that opioids are underutilized in the inpatient setting. 16, 17 Patient-controlled analgesia (PCA) is a pain medication delivery system that enables a patient to safely self-administer a set dose of opioids on a predetermined schedule while maintaining the lowest serum concentration of the medication needed to achieve pain relief. Through frequent, small, incremental opioid doses, analgesia is achieved while risks of overdose, opioid toxicity, or gaps in analgesic coverage are minimized. 18 PCA is associated with greater patient satisfaction, improved pain control, less overall opioid consumption, and a similar side effect profile compared with nurse-administered regimens or continuous opioid infusions. 19, 20 PCA is most commonly used in inpatient surgical services for management of postoperative pain, although it has been shown to be safe and effective in managing pain associated with angina, sickle cell crises, burn injuries, and, notably, cancer. 11, 19, [21] [22] [23] [24] [25] Although early studies of hospitalized patients with cancer demonstrated >95% pain control achieved with PCA, 26, 27 to our knowledge no published study has examined the clinical patterns of PCA use in adult inpatients with cancer-related pain and its effect on 30-day readmission rate or hospital length of stay. In this single-center, retrospective study, we evaluated PCA use and associated clinical outcomes in patients admitted to the hospital with cancerrelated pain, defined as acute or chronic physical pain attributed to cancer or its treatment.
Methods

Study Cohort
All patients with cancer who were admitted to University of California, San Diego (UCSD) Medical Center between January 2013 and January 2014 who received PCA during their hospitalization and survived to discharge were identified retrospectively using a single electronic medical record (n=499). For patients admitted for >1 hospitalization, only their first hospitalization within the study period was analyzed (n=272). Patients were excluded who received PCA for non-cancer-associated pain (n=16; eg, pain associated with traumatic injury). Patients were also excluded if they received PCA for postsurgical pain (n=166; specifically, any patient who underwent a major surgical procedure during their hospitalization was excluded; we did not exclude patients who underwent a minor surgical intervention, including peripherally inserted central catheter line insertion, gastric tube placement, lumbar puncture, bronchoscopy, bone marrow biopsy, endoscopy, cystoscopy, or drain placement by Interventional Radiology). The remaining 90 patients constituted our primary analytic sample population.
Outcomes Analyzed
All medical records were reviewed and the following data were collected: age, sex, cancer diagnosis, type of cancer-associated pain (eg, abdominal pain, musculoskeletal pain, mucositis, other), duration of hospitalization, duration of PCA use, time from admission to PCA initiation, time from discontinuation of PCA to discharge, use of a basal infusion, opioid type, number of total opioid rotations, readmission for pain within 30 days of discharge, consultations by the palliative care service, regular use (defined as an average of ≥2 doses daily) of intravenous or oral opioids while on PCA, and opioid-associated adverse events. Opioid-related adverse events were defined as respiratory depression requiring naloxone or mechanical ventilation; oversedation as measured by Richmond Agitation-Sedation Scale (RASS) scores of -3 to -4 or administration of naloxone; and discontinuation of PCA or change in PCA opioid type due to intolerable side effects (eg, nausea, vomiting, pruritus). To assess for any PCA-associated deaths, we performed a secondary analysis of all patients with cancer who were admitted to UCSD Medical Center between January 2013 and January 2014 who received PCA during their hospitalization but did not survive to discharge.
Statistical Analysis
Univariable and multivariable linear regression models were used to look for an association between patient and clinical variables with PCA duration. Logistic regression models were used to evaluate the relationship between patient and clinical variables and 30-day readmission rates. Differences between the patients in our primary cohort and those who died during hospitalization were assessed with t-tests for continuous variables (age) and Fisher exact test for categorical variables.
Results
Patient characteristics including age, sex, cancer site, and primary type of pain are outlined in Table 1 . There were no statistically significant differences in these variables between the primary patient population and the cohort of deceased patients (age, P=.44; sex, P=.83), cancer site (P=.39), and primary type of pain (P=.37). The inclusion of various cancer types is outlined in Table 1 , with hematologic malignancies (including acute myeloid leukemia, acute lymphocytic leukemia, multiple myeloma, diffuse large B-cell lymphoma, chronic myeloid leukemia, Hodgkin lymphoma, non-Hodgkin's lymphoma, follicular lymphoma, myelodysplastic syndrome, polycythemia vera with myelofibrosis, and lymphoblastic lymphoma) constituting 40% (n=36) of the total patients on PCA. Most patients presented with either abdominal pain (40%) or musculoskeletal pain (42%).
Characteristics of the patient's hospitalizations and clinical courses, including duration of admission, presence or absence of palliative care consult, time between admission and start of PCA, duration of PCA use, and time between discontinuation of PCA and discharge/death, is detailed in Table 2 . The median length of hospitalization was 10.2 days (interquartile range [IQR], 6.1-20.1), whereas the median duration on PCA was 4.4 days (IQR, 2.0-9.2).
Younger age was associated with longer duration of PCA use (P=.032). A diagnosis of hematologic malignancy was also associated with longer duration on PCA (P=.0001); this association between hematologic malignancies and duration of PCA use persisted despite exclusion of the patients with mucositis (P=.001). There was also a trend toward decreased 30-day readmission rates with longer duration on PCA (P=.054).
Description of the patterns of PCA use, including opioid type at the time of PCA initiation and discontinuation, number of patients who had a change to the PCA opioid type, use of basal infusion, and rate of adverse effects while on PCA, are detailed in Table 3 . Hydromorphone was the initial opioid administered via PCA in 87.8% of patients (n=79); 11 patients (12.2%) had a change in the opioid type during their admission. Reasons for changing opioids included patient preference, lack of effect of prior opioid, or patient-reported side effects. Approximately half of patients (52.2%; n=47) received a basal infusion of opioid administered through PCA during their admission. One-third of patients (32.2%; n=29) were started on basal infusion at the time of PCA initiation. Use of a basal infusion of opioid was associated with longer duration on PCA (P<.0001) and longer hospital admission (P=.0007); however, there was no correlation between use of a basal rate and 30-day readmission for pain (P=.16). There was no relationship between coadministration of opioids (opioids received orally or intravenously in addition to those received via PCA) and PCA length (P=.14), admission length (P=.11), or 30-day readmission for pain (P=.88). We also found no relationship between palliative care consult and duration on PCA (P=.49), length of hospitalization (P=.11), or 30-day readmission for pain (P=.12). Two doses of naloxone were administered to a single patient due to oversedation while on PCA, but there were no other documented episodes of opioid toxicity or respiratory depression requiring respiratory support or naloxone. (The patient who received naloxone was a 73-year-old man with metastatic cholangiocarcinoma and renal failure who was admitted for persistent emesis and cancer-related pain. He was started on a hydromorphone PCA at admission, with no basal infusion ordered. He received a total of 3.6 mg of hydromorphone via PCA over the 12 hours before administration of naloxone. His oversedation in the setting of receiving opioids was suspected to be secondary to his impaired renal function.)
Of the 27 patients who received PCA during their hospitalization and died before discharge, all had been formally transitioned to comfort care status before their death; none of the patients died of opioidrelated complications. At the time of death, 14 of these patients had active PCA orders, whereas the remaining 13 patients had been transitioned to continuous opioid infusions because they were no longer able to self-administer opioids via PCA.
Discussion
This single-center, retrospective study examined the patterns of PCA use and associated outcomes in hospitalized patients with cancer-related pain. We found that younger age and a diagnosis of hematologic malignancy were associated with longer duration on PCA. We also identified a trend toward decreased 30-day readmission rates with longer duration on PCA.
Several studies have shown an association between younger age and severity of pain among patients with cancer. 28, 29 Our study demonstrated that younger age was associated with longer duration on PCA, suggesting that longer PCA use may be a function of multiple factors, such as more severe pain, cancer biology, opioid metabolism, tolerance, and/or ability to cope. This is supported by previous data showing that the length of time needed to achieve adequate pain control among inpatients with cancer increases with higher pain severity scores, and that younger patients in both the cancer and noncancer settings require higher doses of opioids to achieve analgesia. 30, 31 This finding, if reproducible in larger prospective studies, may have clinical implications regarding the approach to pain management in young adults with cancer.
Pain severity has also been shown to vary based on cancer type, with head and neck cancer being associated with the highest pain intensity scores.
14 Notably, a 2007 meta-analysis of the prevalence of pain among patients with cancer found no statistically significant association between pain prevalence and cancer type; however, this review assessed pain in patients with solid tumors and did not include those with hematologic malignancies. 3 Our findings suggest, like younger age, that hematologic malignancies are associated with longer duration of PCA use. Again, using duration of PCA as a proxy for severity of pain among other factors, our findings are consistent with reports of persistent and challenging pain among patients with hematologic malignancies. [32] [33] [34] Because it is well-established that mucositis is a painful and prolonged side effect of chemoradiation therapy in patients with hematologic disease that may also prevent oral administration of medications, we performed a subset analysis excluding patients who received PCA for pain secondary to mucositis. Interestingly, the association between hematologic malignancies and longer PCA duration persisted, despite exclusion of the patients with mucositis.
Given the intense pressures on healthcare organizations to improve the quality of care and clinical outcomes while maximizing efficiency and decreasing length of stays and hospital readmissions, many may be surprised by the finding that longer PCA use for cancer-related pain trended toward a decrease in 30-day hospital readmission for pain. We have observed that many hospitalists are concerned about initiating PCA for cancer pain management given concerns that it will prolong their hospitalization. Although we did not complete a formal analysis comparing patients with cancer receiving PCA versus those who did not, it is important to note that the average PCA use was slightly longer than a week and completed roughly 4 days before discharge (Table 2) . We hypothesize that the ability to quickly titrate and determine opioid needs via PCA may serve as a more important approach to ensure the transition from intravenous to oral opioids is successful and may explain the observed trend in decreased 30-day readmission rate for pain. We aim to further explore PCA use, transitions to nonintravenous routes, and quality measures in future prospective trials.
Limitations of this study include its single-center, retrospective design and lack of formal comparison group. Although the visual analog scale is a wellrecognized and validated tool for pain assessment, given the variability in charting of pain scores in medical records, level of analgesia was not analyzed in this study (although discharge was assumed to be a marker of adequate pain control). There are also potential confounding variables not incorporated into this study, including the patient's disease stage, use of PCA during prior hospitalizations, preadmission opioid regimens (which were inconsistently documented and quantified in the medical record), and measurement and analysis of total oral morphine equivalents.
Conclusions
Our results suggest an association between longer duration of PCA use with younger age and hematologic malignancies. It is possible that this association may indicate unique characteristics of pain experienced by these patients and/or may indicate a more difficult transition to alternate regimens in these patients. To help clarify the role of PCAs in the management of cancer-related pain, further studies comparing the use of PCAs versus alternative opioid regimens (including oral and nurse-administered intravenous regimens) are needed. These studies should be aimed at determining specific recommendations regarding whether more aggressive oral opioid or nonopioid adjuvant medications added earlier in the course impacts length of stay or readmission for pain and whether early (<24 hours from time of admission) palliative care consults affect these parameters.
